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ABUSE-RESISTANT ORAL DOSAGE FORMS AND METHOD OF USE 

THEREOF 

Field of the Invention 

The invention relates to an abuse-resistant substance, such as an opioid- 
antagonist, oral dosage form which does not release the opioid antagonist in a 
therapeutically effective amount when the oral dosage form is orally administered to a 
human being, but whereby a physical alteration of the oral dosage form results in a release 
of the opioid antagonist in an amount effective to prevent the abuse. The oral dosage 
form can further include an abusable substance, such as an opioid agonist, in order to 
prevent the abuse of the opioid agonist. A preferred embcKliment of the invention 
includes naltrexone as the abuse-resistant substance in an oral dosage form. 

Background of the Invention 

Opioid agonists, or opioids, are drugs which are used primarily as 
analgesics. Opioid agonists act on stereospecific receptor sites in the brain, as well as in 
other parts of the body, which presumably regulate the feeling and perception of pain. 
Examples of opioid agonists include, but are not limited to, oxycodone, morphine, 
hydrocodone and codeine. Although they are effective in reducing the perceived pain by 
a patient, opioid agonists also have the characteristic of possibly being physically and 
psychologically addictive to the patient if used repeatedly over an extended period of 
time. Thus, the potential for addiction to or abuse of such drugs is an issue of concern 
whenever prescribing such drugs as analgesics. 
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tor example, oxycodone is an opioid agonist which has a high potential for 
abuse. Oxycodone is most often administered orally, and is commercially available in a 
controlled-released form known as Oxycontin™ (Purdue Pharma). However, the 
controlled release aspect of an Oxycontin™ dosage form can be bypassed by an abuser 
by, for example, crushing or grinding up the dosage form, and then eating or snorting the 
crushed or ground-up Oxycontin™ dosage form. Thus, in this way the abuser is able to 
receive a relatively large single dose of the oxycodone, resulting in a euphoric "high" 
being experienced by the abuser. 

Opioid antagonists are those drugs which serve to neutralize or block the 
euphoric or analgesic effect of an opioid agonist. For example, opioid antagonists are 
often employed to block the euphoric or analgesic effects in individuals who have 
overdosed on an opioid agonist, or as a daily treatment drug in individuals who are 
addicted to an opioid agonist. It is thought that the opioid antagonists act on and compete 
for the same stereospecific receptor sites in the brain as the opioid agonists, and thereby 
neutralize or block the resulting analgesic or euphoric effects of the opioid agonist. 

Thus, there have been previous attempts in the prior art to produce 
formulations and methods concerned with reducing the abuse potential of opioid agonists. 
For example, U.S. Patent No. 6,228,863 to Palermo et al. describes a method of 
preventing the abuse of opioid dosage forms by combining an orally active opioid agonist 
with an opioid antagonist into an oral dosage form which would require at least a two-step 
extraction process to separate the opioid antagonist from the opioid agonist. According to 
Palermo et al., the oral dosage forms described therein had less parenteral and/or oral 
abuse potential than that of the prior art oral dosage forms. 
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In addition, U.S. Patent No. 6,277,384 to Kaiko et al. describes oral dosage 
forms including combinations of opioid agonists and opioid antagonists in ratios which 
are analgesically effective when administered orally, but which are aversive in a 
physically dependent individual. According to Kaiko et al., the oral dosage forms 
described therein had less oral abuse potential than that of the prior art oral dosage forms. 

Furthermore, U.S. Patent No. 5,236,714 to Lee et al. is directed to an 
abusable substance dosage form having a reduced abuse potential. Lee et al. disclose 
compositions and dosage forms for administering abusable substances wherein the 
therapeutic effect of the abusable substance will not be diminished, although the abuse 
potential of the abusable substance will be diminished. Specifically, topical compositions 
for application to a patient's skin or mucosa are disclosed including an abusable 
substance present in a form which is permeable to the skin or mucosa to which the 
composition is to be applied, and an antagonist present in a form which is impermeable to 
the skin or mucosa to which the composition is to be applied, such that if an attempt were 
made to abuse the composition by administering it through another bodily portal, the 
antagonist would prevent the occurrence of the abusive effect by producing its 
antagonistic effect In addition, Lee et al disclose dosage forms comprising a drug 
reservoir composition including an abusable substance and at least one antagonist 
enclosed within an abusable substance releasing means, wherein the abusable substance is 
present in a form which is permeable through the releasing means and the antagonist is 
present in a form which is impermeable to the releasing means. As with the topical 
composition, Lee et al. disclose that if an attempt were made to abuse the drug reservoir 
composition by removing it from the dosage form and administering it through another 
bodily portal, the antagonist would prevent the occurrence of the abusive effect by 
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producing its antagonistic effect. The dosage forms of Lee et al. include a single abusable 
substance releasing means which controls the release of both the abusable substance and 
the antagonist. 

However, there is still a need in the art for an improved oral dosage form 
of an opioid antagonist which would reduce the abuse potential of an opioid agonist. 

Summary of the Invention 

An embodiment of the present invention is directed to an opioid-antagonist 
oral dosage form wherein the opioid antagonist does not release unless the oral dosage 
form is crushed or ground up, thereby antagonizing the opioid effect of an opioid agonist. 

An embodiment of the oral dosage form of the present invention 
comprises: a biologically inert pellet; an opioid-antagonist layer coated on the biologically 
inert pellet, wherein the opioid-antagonist layer comprises a therapeutically effective 
amount of an opioid antagonist; and a non-releasing membrane coated on the opioid 
antagonist layer, wherein the non-releasing membrane comprises a water-retardant 
polymer and may contain a lubricant; wherein the oral dosage form does not release the 
therapeutically effective amount of the opioid antagonist when the oral dosage form is 
orally administered to a human being, and wherein a physical alteration of the oral dosage 
form results in a release of the therapeutically effective amount of the opioid antagonist. 

In another embodiment of the invention, the oral dosage form can also 
include a second pellet comprising an opioid agonist, and/or other pain relievers and anti- 
inflammatory agents. 
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In a further embodiment of the invention, the oral dosage form comprises: 
an opioid-antagonist formulation, wherein the opioid-antagonist formulation comprises a 
therapeutically effective amount of an opioid antagonist; and a non-releasing membrane 
coated on the opioid-antagonist formulation, wherein the non-releasing membrane 
5 comprises a water-retardant polymer and may contain a lubricant; wherein the oral dosage 

form does not release the therapeutically effective amount of the opioid antagonist when 
the oral dosage form is orally administered to a human being, and wherein a physical 
alteration of the oral dosage form results in a release of the therapeutically effective 
amount of the opioid antagonist. 

10 

The invention is also directed to a method of preventing the abuse of an 
oral dosage form of an opioid agonist. An embodiment of the method of the invention 
includes the forming of an oral dosage form by combining: (1) a first type of pellet 
comprising an opioid agonist; and (2) a second type of pellet comprising: a biologically 

1 5 inert pellet; an opioid-antagonist layer coated on the biologically inert pellet, wherein the 

opioid-antagonist layer comprises a therapeutically effective amount of an opioid 
antagonist; and a non-releasing membrane coated on the opioid antagonist layer, wherein 
. the non-releasing membrane comprises a water-retardant polymer. The oral dosage form 
does not release the therapeutically effective amount of the opioid antagonist when the 

20 oral dosage form is orally administered to a human being, and a physical alteration of the 
oral dosage form results in a release of the therapeutically effective amount of the opioid 
antagonist. 

Another embodiment of the method of the invention includes coating a 
25 non-releasing membrane onto an opioid-antagonist formulation, and coating an opioid- 
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agonist layer onto the non-releasing membrane to form an oral dosage form, wherein the 
opioid-antagonist formulation comprises a therapeutically effective amount of an opioid 
antagonist, the non-releasing membrane comprises a water-retardant polymer, and the 
opioid-agonist layer comprises an opioid agonist. The oral dosage form does not release 
the therapeutically effective amount of the opioid antagonist when the oral dosage form is 
orally administered to a human being, and a physical alteration of the oral dosage form 
results in a release of the therapeutically effective amount of the opioid antagonist 

In addition, a further embodiment of the method of the invention also 
includes adding other pain relievers and/or anti-inflammatory agents when forming the 
oral dosage form. 

Brief Description of the Drawings 

Figure 1 shows a graph of the in vitro release of naltrexone hydrochloride 
from an embodiment of the oral dosage form of the present invention. 

Detailed Description 

The present invention, as disclosed and described herein, provides a novel 
oral dosage form of a therapeutically effective amount of an opioid antagonist which does 
not release when orally administered to a human being, but which does release upon a 
physical alteration of the oral dosage form. That is, if the oral dosage form of the 
invention is orally administered to a human being, then the therapeutically effective 
amount of the opioid antagonist is not released from the oral dosage form, and thus an 
opioid agonist will have its intended analgesic effect on the human being. As used herein, 
the phrase "a therapeutically effective amount of an opioid antagonist* ' refers to that 
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amount of the opioid antagonist which is sufficient to antagonize the opioid agonist and 
thus effectively neutralize the intended analgesic effect of the opioid agonist. Thus, when 
orally administered to a human being, although the oral dosage form of the invention may 
release a negligible or inconsequential amount of the opioid antagonist, it will not release 
an amount to antagonize the opioid agonist and to neutralize its intended analgesic effect. 

However, if the oral dosage fomi of the invention is physically altered in 
any way, such as by crushing or grinding of the oral dosage form, then the therapeutically 
effective amount of the opioid antagonist will be released. That is, as the non-releasing 
membrane of the oral dosage form is rendered ineffective by physical alteration, the 
opioid antagonist will no longer be effectively coated by fee non-releasing membrane and 
the therapeutically effective amount of the opioid antagonist will thereby be released. 
Therefore, the opioid agonist will be antagonized by the opioid antagonist and the 
intended analgesic effect of the opioid agonist will be effectively neutralized, reduced or 
blocked. Thus, if an individual were to crush and grind up the oral dosage form of the 
present invention in an attempt to take it parenterally, or orally, or by snorting it through 
the nose, in order to obtain a euphoric "high," a sufficient amount of the opioid antagonist 
would thereby be released to antagonize the opioid agonist and to neutralize or block its 
intended euphoric, analgesic effect. 

Depending upon the specific opioid antagonists) present in the 
embodiment of the oral dosage form of the present invention, the dose of the opioid 
antagonists) will vary. For example, a single 50 mg dose of naltrexone is generally 
sufficient to block the analgesic effect of an opioid agonist. See, e.g., U.S. Patent Nos. 
6,228,863 and 6,277,384. The dosage amount of any of the opioid antagonists which can 
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be used in accordance with the invention can readily be determined by one of ordinary 
skill in the art. As mentioned above, the dosage amount of the opioid antagonist will be 
at least that amount of the opioid antagonist which is sufficient to antagonize the opioid 
agonist and thus effectively neutralize the intended analgesic effect of the opioid agonist. 

The invention provides an oral dosage form which does not release a 
therapeutically effective amount of an opioid antagonist when the oral dosage form is 
orally administered to a human being. That is, the oral dosage form of the invention is 
designed such that when orally administered to a human being, it would not provide 
effective blood levels of the opioid antagonist for up to about twenty-four (24) hours and 
beyond, at which time the opioid agonist would have previously been released and would 
have had its intended analgesic effect on the human being. 

According to an embodiment of the invention, the oral dosage form 
includes a biologically inert pellet (core) coated first by an opioid-antagonist layer, which 
is then coated by a non-releasing membrane. Many types of inert pellets are suitable for 
use in forming the core of this embodiment of the oral dosage form, and are commercially 
available from a number of companies; for example, non-pareils, sugar and/or 
starch-based pellets are all suitable types of pellets. Sugar spheres of particle size 25 to 
30 mesh are particularly preferred, although any inert pellets of mesh size within the 
range of 14 mesh to 60 mesh are also preferred for use in this invention. In addition, 
other substrates, including but not limited to, granules, spheroids and beads, may be used 
in accordance with this embodiment of the invention. 
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In this embodiment of the invention, an opioid-antagonist layer coats the 
biologically inert pellet of the oral dosage form. The opioid-antagonist layer comprises a 
therapeutically effective amount of an opioid antagonist. Any opioid antagonist, or a 
pharmaceutically acceptable salt thereof, or combinations thereof, maybe used in 
5 accordance with the invention. Examples of a suitable opioid antagonist, include but are 
not limited to, naltrexone, naloxone, and nalmephene. Preferably, the opioid antagonist 
comprises naltrexone. 

The opioid-antagonist layer may also include a binder agent to enhance its 
1 0 adherence to the biologically inert pellet. Suitable binder agents for use in the opioid- 
antagonist layer of the invention include, but are not limited to, hydroxypropybnethyl 
cellulose (HPMC) (3 to 6 cps, preferably 6 cps), hydroxyethyl cellulose, hydroxypropyl 
cellulose, methyl cellulose, polyvinyl pyrrolidone and the like. Preferably, 
hydroxypropylmethyl cellulose, and most preferably, hydroxypropylmethyl cellulose E6 
15 or Opadry® clear is used in accordance with the invention. Preferably, the binder agent is 
dissolved in water (or any suitable solvent) to form a 5% to 30% (w/w) solution, 
preferably a 7% to 25% (w/w) solution and most preferably, an approximately 10% (w/w) 

v. 

solution. The solution of binder agent is admixed with a solution or suspension of the 
opioid antagonist, and then applied onto the biologically inert pellets by conventional 
20 spray techniques. For example, the opioid antagonists/binder agent solution or 

suspension may be applied to the biologically inert pellets by spraying the solution or 
suspension onto the pellets using a fluid bed processor. Preferably, the amount of binder 
agent included in the opioid-antagonist layer is in a ratio of binder agent to opioid- 
antagonist of about 1:10, although any ratio is suitable for use with the present invention. 



25 
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The opioid-antagonist layer of this embodiment of the oral dosage form of 
the present invention may also include one or more pharmaceutically acceptable 
excipients in addition to the opioid antagonist and the optional binder agent. Suitable 
pharmaceutically acceptable excipients which may be employed in the invention are well 
known to those of ordinary skill in the art and include any conventional pharmaceutically 
acceptable excipient, such as an antifoam agent, which is added to aid the formulation 
process. The opioid-antagonist layer may also include a suitable carrier, diluent, 
surfactant and/or lubricant. 

In another embodiment of the invention, the opioid-antagonist layer is 
coated with an optional sealing layer. The sealing layer contains a water soluble polymer, 
which may be the same or different from the binder agent present in the opioid-antagonist 
layer. For example, the sealing layer may include a water soluble polymer such as 
hydroxypropylmethyl cellulose (3 to 6 cps, preferably 6 cps), hydroxyethyl cellulose, 
hydroxypropyl cellulose, methyl cellulose, polyvinylpyrrolidone and the like. Preferably, 
hydroxypropylmethyl cellulose, and most preferably, hydroxypropylmethyl cellulose-E-6 
is employed in the sealing layer. In addition, the sealing layer may optionally contain a 
lubricant, such as for example, calcium stearate, magnesium stearate, zinc stearate, stearic 
acid, talc or a combination thereof The total amount of this optional sealing layer 
contained in the finally coated pellets is preferably about 0.5% to about 5% of the total 
weight of the finally coated pellet. 

In a further embodiment of the Invention, the oral dosage form includes an 
opioid-antagonist formulation comprising a therapeutically effective amount of an opioid 
antagonist, which is then coated by a non-releasing membrane. In this embodiment of the 
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invention, the opioid-antagonist formulation may be produced by any method known in 
the art, including but not limited to, forming a matrix system of the opioid antagonist 
which would then be compressed into a tablet. Furthermore, the opioid-antagonist 
formulation may be provided in any form known in the art, including but not limited to, 
pellets, granules, spheroids, capsules and tablets. As would be understood by one of 
ordinary skill in the art, such an opioid-antagonist formulation could further include, for 
example, binder agents, diluents, carriers, fillers, lubricants and other pharmaceutically 
acceptable additives and excipients which are used in the formation of the particular form 
of the formulation, and all such opioid-antagonist formulations are within the scope of the 
present invention. In further embodiments of the invention, the opioid-antagonist 
formulation may be coated with an optional sealing layer prior to coating with the non- 
releasing membrane. 

According to the present invention, the oral dosage form also includes a 
non-releasing membrane which is coated onto the opioid-antagonist layer, the opioid- 
antagonist formulation, or the optional sealing layer, depending upon the particular 
embodiment of the oral dosage form. The non-releasing membrane serves to protect the 
integrity of the biologically inert pellets coated with the opioid-antagonist layer, or the 
opioid-antagonist formulation, such that the therapeutically effective amount of the opioid 
antagonist is not released from the oral dosage form when it is orally administered to a 
human being. At the same time however, if the oral dosage form is physically altered and 
the non-releasing membrane is rendered ineffective, then the therapeutically effective 
amount of the opioid antagonist is thereby released from the oral dosage form. 
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The non-releasing membrane of the invention comprises a water-retardant 
polymer, such as, for example, an alkyl cellulose, an acrylic acid polymer, an acrylic acid 
copolymer, a methacrylic acid polymer, a methacrylic acid copolymer, shellac, zein, or 
hydrogenated vegetable oil. The water-retardant polymer is physiologically acceptable, 
5 and it substantially prevents the release of the opioid antagonist. In addition, the water- 

retardant polymer could optionally be water insoluble. A preferred water-retardant 
polymer is a poly(meth)acrylate polymer, such as Eudragit NE 30 D or Eudragit NE 40 D, 
or a combination thereof. Most preferably, the water-retardant polymer comprises the 
poly(meth)acrylate polymer, Eudragit NE 30 D. Eudragit NE 30 D and Eudragit NE 40 D 

1 0 polymers are available from Rhom Pharma, D-6 1 08 Weiterstadt 1 , Dr. Otto-Rohm-Str. 

2-4, Germany. Eudragit NE 30 D and Eudragit NE 40 D are pH independent polymers 
available as 30% or 40% aqueous dispersions, respectively. Furthermore, Eudragit RS 
30 D, Eudragit RL 30 D, Eudragit S and Eudragit L 30 D are further examples of suitable 
water-retardant polymers. When employing Eudragit NE 30 D as the water-retardant 

1 5 polymer, the NE30D solids in the non-releasing membrane generally constitute about 

15% to about 80% of the total weight of the solids content of the final oral dosage form, 
preferably about 25% to about 60%, and most preferably about 30% to about 50% of the 
total weight of the solids content of the final oral dosage form. 

20 In a preferred embodiment of the present invention, the non-releasing 

membrane contains in addition to a water-retardant polymer, an amount of a lubricant, 
such as for example, calcium stearate, magnesium stearate, zinc stearate, stearic acid, talc 
or a combination thereof, to form the non-releasing membrane. In particular, it is 
preferred that the non-releasing membrane contains an amount of magnesium stearate, or 

25 other lubricant, sufficient to provide non-release of the opioid antagonist for up to about 
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14-24 frours after administration of the dosage form to a human being. In a most 
preferred embodiment, the non-releasing membrane contains magnesium stearate 
admixed with the water-retardant polymer, which is preferably Eudragit NE30D. In 
embodiments of the invention including opioid-antagonist-coated pellets, the lubricant 
5 functions to prevent agglomeration of the opioid-antagonist-coated pellets during 

processing and also helps to prevent release of the opioid antagonist from the opioid- 
antagonist-coated pellets. Preferably, the final, dried non-releasing membrane contains 
about 5% to about 50% magnesium stearate and/or other lubricant(s), and more preferably 
about 7% to about 30%, and most preferably about 10% to about 25% lubricant(s) based 
10 on the total weight of solids content of the total formulation. 

In another embodiment of the invention, the non-releasing membrane is 
coated with an optional sealing layer. This optional sealing layer is similar to the 
previously described optional sealing layer between, for example, the opioid-antagonist 

1 5 layer and the non-releasing membrane, and in fact may be comprised of the same exact 
elements. Thus, the sealing layer contains a water soluble polymer, which may be the 
same or different from the binder agent present in the opioid-antagonist layer. For 
example, the sealing layer may include a water soluble polymer such as 
hydroxypropylmethyl cellulose (3 to 6 cps, preferably 6 cps), hydroxyethyl cellulose, 

20 hydroxypropyl cellulose, methyl cellulose, polyvinylpyrrolidone and the like. Preferably, 
hydroxypropylmethyl cellulose, and most preferably, hydroxypropylmethyl cellulose-E-6 
is employed in the sealing layer. In addition, the sealing layer may optionally contain a 
lubricant, such as for example, calcium stearate, magnesium stearate, zinc stearate, stearic 
acid, talc or a combination thereof. In embodiments of the invention employing pellets, 

25 the total amount of this optional sealing layer contained in the finally coated pellets is 
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preferably about 0.5% to about 10% of the total weight of the finally coated pellet. In 
further embodiments of the invention, the optional sealing layer may also be coated with 
an enteric layer. 

In a further embodiment of the invention, the non-releasing membrane is 
coated with an enteric layer comprising an enteric coating polymer, and optionally 
comprising a plasticizer. A preferred enteric coating polymer is Eudragit L 30D. Suitable 
plasticizers for inclusion in the enteric layer include, for example, triethyl citrate, 
polyethylene glycol, dibutyl phthalate, diethylphthalate and triacetin. In embodiments of 
the invention employing pellets, the optional enteric layer, which is pH dependant and 
resistant to gastric fluids, preferably comprises from about 0.5% to about 10% of the total 
weight of the finally coated pellet. In further embodiments of the invention, the enteric 
layer may also be coated with a sealing layer. 

In another embodiment of the invention, the non-releasing membrane 
(optionally coated with an enteric layer and/or a sealing layer) is coated with an opioid- 
agonist layer comprising an opioid agonist. Any opioid agonist, or a pharmaceutically 
acceptable salt thereof, may be used in accordance with the invention. Examples of the 
opioid agonist which maybe included in this embodiment of the invention include, but 
are not limited to, oxycodone, hydrocodone, morphine, hydromorphone, codeine, and 
mixtures thereof. Preferably, the opioid agonist comprises oxycodone. In further 
embodiments of the invention, the opioid-agonist layer may also be coated with a sealing 
layer and/or an enteric layer. 
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In the present invention, the opioid agonist is preferably present in an 
amount which will provide for effective blood levels of the opioid agonist in a human 
being. That is, when the oral dosage form of the invention is orally administered to a 
human being, the opioid agonist will be released from the oral dosage form, and it can 
thus have its intended analgesic effect upon the human being. This is because, as 
described above, upon oral administration of the oral dosage form of the invention, the 
opioid antagonist will not be sufficiently released from the oral dosage form, thereby 
enabling the opioid agonist to have its intended analgesic effect. At the same time, 
however, if the oral dosage form of the invention is physically altered in any way, such as 
by grinding or crushing, then the therapeutically effective amount of the opioid antagonist 
will be released from the oral dosage form, thereby antagonizing the opioid agonist and 
thus effectively neutralizing the intended analgesic effect of the opioid agonist. Thus, the 
formation of the oral dosage form of the invention is an effective method of preventing 
the abuse of an oral dosage form of an opioid agonist. For example, if an individual were 
to crush and grind up the oral dosage form of the present invention in an attempt to take it 
parenterally, orally, or by snorting it through the nose, in order to obtain a euphoric 
"high," a sufficient amount of the opioid antagonist would thereby be released to 
antagonize the opioid agonist and to neutralize or block its intended euphoric, analgesic 
effect. 



In addition, the opioid-agonist layer of this embodiment may further 
include, for example, binder agents, diluents, carriers, fillers, lubricants and other 
pharmaceutically acceptable additives and excipients which may or may not effect the rate 
of release of the opioid agonist from the oral dosage form of this embodiment. Thus, any 
type of release profile known in the art, including but not limited to, immediate and 
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sustained release formulations, may be used in accordance with the opioid-agonist layer 
of this embodiment. 

The opioid-antagonist layer, the opioid-antagonist formulation, and/or the 
non-releasing membrane of the invention may each further comprise diluents, carriers, 
fillers and other pharmaceutical additives which may or may not effect the rate of release 
of the opioid antagonist from the oral dosage form of the invention. For example, the 
non-releasing membrane preferably contains a lubricant and the opioid-antagonist layer 
may optionally contain a surfactant. The opioid-antagonist layer, the opioid-antagonist 
formulation, and/or the non-releasing membrane may also further contain 
pharmaceutically acceptable excipients such as anti-adherents, and pharmaceutically 
acceptable pigments such as titanium dioxide, iron oxide and various color pigments 
including vegetable dyes, and the like. 

In embodiments of the invention employing pellets, the opioid-antagonist 
loaded pellets preferably provide in total a potency of about 6% to about 70% (w/w) 
based upon the total weight of the layered pellets, although the potency can be adjusted as 
desired. For example, when the opioid antagonist employed in the invention is 
naltrexone, it is preferred that the layered pellets be formulated at about 60% potency 
(w/w). However, the skilled practitioner can formulate the oral dosage forms of the 
invention to have any desired total potency of opioid antagonist. 

The non-release, oral dosage form of the invention, as disclosed herein, is 
designed such that it does not provide for effective blood levels of the opioid antagonist 
for at least 24 hours after oral aArunistration of the oral dosage form. In addition, the 
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non-release, oral dosage form provides a dissolution rate of the opioid antagonist, when 
measured in vitro by the U.S. Pharmacopeia XXVI basket method of 1 00 rpm in 900 ml 
of water at 37 °C, wherein the therapeutically effective amount of the opioid antagonist is 
not released from the dosage form after about 14 to 24 hours. 

The process for making an embodiment of the oral dosage form of the 
invention includes coating at least one layer of an opioid antagonist onto the surface of a 
biologically inert pellet {e.g., a non-pareil pellet (sugar and/or starch-based pellets)) to 
form opioid-antagonist loaded pellets. The opioid-antagonist loaded pellets are then 
coated with a non-releasing membrane. 

In preparing an embodiment of the oral dosage form of the invention, the 
opioid-antagonist layer may be applied by spraying the opioid-antagonist suspension onto 
sugar spheres or other biologically inert pellets that have been suspended in a fluidized 
bed, for example. Other conventional spray techniques such as pan coating may also be 
used. The opioid-antagonist loaded pellets can also be prepared by an 
extruder/marumerizer. After the sugar spheres or pellets are coated with the opioid- 
antagonist layer, they may optionally be dried by air exposure, or other methods known in 
the art (although drying may occur spontaneously from air flow in the fluid bed 
processor). 

In this embodiment, the non-releasing membrane including the water- 
retardant polymer is next coated onto the opioid-antagonist loaded pellets. The water- 
retardant polymer comprising the non-releasing membrane is generally prepared as a 
dispersion and sprayed onto the opioid-antagonist loaded pellets. The total amount of 
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water-retardant polymer in the pellets is in the range of from about 15% to about 80% of 
the total weight of the prepared pellets, preferably about 30% to about 55% of the total 
weight of the prepared pellets. By varying the amount of water-retardant polymer within 
this range, the desired non-release of the opioid antagonist is achieved. 

At the final stage in preparing this embodiment, the coated pellets may 
optionally be subjected to a curing process. For example, the coated pellets may be cured 
at a temperature in the range of from about 30° to about 50 °C, preferably from about 35° 
to about 45 °C, and most preferably about 40°C, for a period of about 5 to about 10 days 
and, preferably, about 7 days. A further example of a suitable curing process could be 
performed in a fluid bed processor for about 1 to about 5 hours at about 40° to about 
80°C, preferably for about 3 hours at about 55 ° to about 65 °C, and most preferably for 
about 1 hour at about 60°C. 

The coated pellets may then be weighed out according to the total dose of 
opioid antagonist to be administered to patients. Diluent may be added, such as, for 
example, dextrose, sorbitol, mannitol, microcrystalline cellulose, methocel ether, lactose, 
glyceryl palmitostearate, glyceryl stearate, glyceryl behenate, and combinations thereof, 
among other commonly used pharmaceutical diluents, and the mixture of coated pellets 
and diluents pressed into tablets. Alternatively, the coated pellets, with or without 
diluents, can be encapsulated in a capsule, such as a hard gelatin capsule. Furthermore, in 
an embodiment of the invention, the opioid agonist(s) can also be added to a tablet or 
capsule containing the opioid-antagonist loaded pellets. 
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It is often desirable to add inert diluent when formulating the coated pellets 
into tablet form. The presence of pharmaceutical diluents, such as microcrystalline 
cellulose, methocel ether, glyceryl palmitostearate, glyceryl stearate, and/or glyceryl 
behemate, for example, in the coated pellet mixture serves to cushion the pellets so that 
they are not significantly ruptured during compression. In addition, pharmaceutical 
diluents can be added to enhance the non-releasing property of the oral dosage form of the 
present invention. 

In general, the release rate of opioid antagonist from the coated pellets is 
dependent upon a number of factors including, inter alia, the overall structure and design 
of the coated pellet, the potency of the coated pellet, the type and amount of water- 
retardant polymer present in the non-releasing membrane, and when present in the coated 
pellets, the type and amount of lubricant. The coated pellets may be formulated into 
tablets or encapsulated in the desired dosage amount. Typical unit dosage amounts for 
the opioid antagonist of the oral dosage form of the invention include any dosage between 
about 1 and 200 mg, although dosages outside of this range may also be employed in the 
present invention. 

In another embodiment of the oral dosage form of the invention, in 
addition to the coated pellets described above which are coated with an opioid antagonist, 
the oral dosage form may include an opioid-agonist formulation including an opioid 
agonist. The opioid-agonist formulation may be produced by any method known in the 
art, including the method described above wherein pellets are coated by use of a fluid bed 
processor. In addition, the opioid-agonist formulation may be provided in any form 
known in the art, including but not limited to, pellets, granules, spheroids, capsules and 
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tablets, with any type of release profile, including but not limited to, immediate and 
sustained release formulations. Any opioid agonist, combinations thereof, or a 
pharmaceutically acceptable salt thereof, may be used in accordance with the invention. 
Examples of the opioid agonist which may be included in the oral dosage form of the 
5 invention include, but are not limited to, oxycodone, hydrocodone, morphine, 

hydromorphone, codeine, and mixtures thereof Preferably, the opioid agonist comprises 
oxycodone. 

In this embodiment of the invention, the opioid agonist is preferably 

10 present in an amount which will provide for effective blood levels of the opioid agonist in 
a human being. That is, when this embodiment of the oral dosage form of the invention is 
orally administered to a human being, the opioid agonist will be released from the oral 
dosage form, and it can thus have its intended analgesic effect upon the human being. 
This is because, as described above, upon oral administration of the oral dosage form of 

15 the invention, the opioid antagonist will not be sufficiently released from the oral dosage 

form, thereby enabling the opioid agonist to have its intended analgesic effect. At the 
same time, however, if this embodiment of the oral dosage form of the invention is 
physically altered in any way, such as by grinding or crushing, then the therapeutically 
effective amount of the opioid antagonist will be released from the oral dosage form, 

20 thereby antagonizing the opioid agonist and thus effectively neutralizing the intended 

analgesic effect of the opioid agonist Thus, the formation of the oral dosage form of this 
embodiment is an effective method of preventing the abuse of an oral dosage form of an 
opioid agonist. For example, if an individual were to crush and grind up the oral dosage 
form of the present invention in an attempt to take it parenterally, orally, or by snorting it 

25 through the nose, in order to obtain a euphoric "high" a sufficient amount of the opioid 
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antagonist would thereby be released to antagonize the opioid agonist and to neutralize or 
block its intended euphoric, analgesic effect. 

The following examples are illustrative of the invention, and are not to be 
construed as limiting the invention in any way. 



Examples : 

In these examples, embodiments of the oral dosage form of the invention were prepared 
as follows. 

Step 1: applying an opioid antagonist layer to a biologically inert pellet 



Ingredients 



naltrexone hydrochloride 

hydroxypropyhnethyl cellulose (HPMC) 
(methocel E6 10% solution)(f.e, 90% water) 

purified water 

simethicone 30% emulsion(/.<?., 70% water) 
25/30 mesh sugar spheres 



Example 1 
50 grams 

50 grams 
175 grams 
1 gram 
750 grams 



total weight: 805.3 grams 



Example 2 
531 grams 

530 grams 
1050 grams 
10 grams 
413 grams 
1000 grams 



Note: the water is evaporated during this process and is thus not part of the total weight. 



WO 2004/091512 PCT/US2004/011221 

22 

Method 

An opioid-antagonist suspension was prepared by mixing the methocel E6 10% solution 
(binder agent), the naltrexone hydrochloride (opioid antagonist), the simethicone 30% 
emulsion (antifoam agent) and the purified water (in the amounts listed above for each 
5 example). This opioid-antagonist suspension was then sprayed onto the 25/30 mesh sugar 
spheres using a fluid bed processor, resulting in biologically inert pellets coated with an 
opioid-antagonist layer. In Example 1, these coated pellets have a naltrexone (opioid 
antagonist) potency of 6.2%, and in Example 2, these coated pellets have a naltrexone 
(opioid antagonist) potency of 53%. 

10 

Step 2 : applying a non-releasing membrane to the coated pellets of Example 1 from step 1 



Ingredients 

coated pellets of Example 1 from step 1 650 grams 

1 5 Eudragit NE30D 30% dispersion 700 grams 

magnesium stearate 15% suspension 560 grams 

Method 

Next, the Eudragit NE 30D 30% dispersion and the magnesium stearate 15% suspension 
20 (in the amounts listed above) were added together and mixed to form a non-releasing 
suspension. This non-releasing suspension was then sprayed onto 650 grams of the 
coated pellets of Example 1 from step 1 using a fluid bed processor. These twice-coated 
pellets were then c\ired in the fluid bed processor for about 6 hours at 60° C. 



25 
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Step 3 : filling into capsules 

The coated pellets from step 2 were then filled into capsules to give an effective dose of 
50 mg naltrexone hydrochloride. 

Step 4 : in-vitro dissolution testing 

Dissolution testing was then performed on the capsules prepared in step 3 as described 
above. In this example, the Eudragit NE 30D solids coating constituted 42.48% of the 
final formulation (i.e., the capsule), and the total solids coating constituted 59% of the 
final formulation (i.e., the capsule). As used herein, the "total solids coating" refers to the 
Eudragit NE 30D and the magnesium stearate, as described above in step 2. The 
conditions for testing were those of the USP Basket Method of 100 rpm in 900 ml of 
de-ionized water at 37 ° C, with the results shown below in Table 1 . A graph of these in 
vitro dissolution testing results can be seen in Figure 1. 



Table 1 : Dissolution Data 



Time (in hours) 



Percentage of Naltrexone Released 



0 
1 

2 
3 
4 
6 
8 

10 
12 
14 
16 
18 
20 
22 
24 



0 
0 

0.1 
0.1 
0.5 
0.5 
0.4 
0.5 
0.5 
0.7 
0.9 
1.4 
2.4 
3.9 
5.7 
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As can be seen from Table 1 above, in this embodiment of the oral dosage form of the 
invention, the therapeutically effective amount of the naltrexone is still not released from 
the dosage form after about 14 to 24 hours, as only 5.7% of the naltrexone has been 
released from the dosage form after about 24 hours. Thus, in this example, 5.7% of the 
5 50 mg naltrexone (i. e. , about 2.85 mg) has been released after about 24 hours, which is 
insufficient to block or neutralize the intended analgesic effect of an opioid agonist. 

It should be understood that some modification, alteration and substitution 
is anticipated and expected from those skilled in the art without departing from the 
1 0 teachings of the invention. Accordingly, it is appropriate that the following claims be 
construed broadly and in a manner consistent with the scope and spirit of the invention. 
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WHAT1S CLATMKD TS- 



1 . An oral dosage fonn comprising: 
a biologically inert pellet; 

an opioid-antagonist layer coated on the biologically inert pellet, wherein 
the opioid-antagonist layer comprises a therapeutically effective amount of an 
opioid antagonist; and 

a non-releasing membrane coated on the opioid antagonist layer, wherein 
the non-releasing membrane comprises a water-retardant polymer; 

wherein the oral dosage form does not release the therapeutically effective 
amount of the opioid antagonist when the oral dosage form is orally administered 
to a human being, and wherein a physical alteration of the oral dosage fonn results 
in a release of the therapeutically effective amount of the opioid antagonist. 

2. The oral dosage fonn of claim 1, wherein the release of the opioid antagonist from 
the oral dosage form in vitro, when measured by the USP Basket method of 100 ipm in 
900 ml of water at 37 °C, substantially corresponds to the following dissolution rate: 

the therapeutically effective amount of the opioid antagonist is not released 
from the dosage form after about 14 to 24 hours. 

3. The oral dosage form of claim 1 wherein the water-retardant polymer comprises a 
member selected from the group consisting of alkylcellulose, an acrylic acid polymer, an 
acrylic acid copolymer, a methacrylic acid polymer, a methacrylic acid copolymer, 
shellac, zein, and hydrogenated vegetable oil- 
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4. The oral dosage form of claim 1, wherein the opioid antagonist comprises 
naltrexone. 

5. The oral dosage form of claim 1 , wherein the water-retardant polymer comprises 
EudragitNE30D. 

6. The oral dosage form of claim 1 , wherein the non-releasing membrane further 
comprises a lubricant 

7. The oral dosage form of claim 6, wherein the lubricant comprises a member 
selected from the group consisting of calcium stearate, magnesium stearate, zinc stearate, 
stearic acid, talc and a combination thereof. 

8 . The oral dosage form of claim 1 , wherein the opioid-antagonist layer further 
comprises a binder agent. 

9. The oral dosage form of claim 8, wherein the binder agent comprises a member 
selected from the group consisting of hydroxypropylmethyl cellulose, hydroxyethyl 
cellulose, hydroxypropyl cellulose, methyl cellulose and polyvinyl pyrrolidone. 

10. The oral dosage form of claim 1, further comprising a sealing layer between the 
opioid-antagonist layer and the non-releasing membrane. 



11. The oral dosage form of claim 1 , further comprising at least one of an enteric layer 
and a sealing layer coated on the non-releasing membrane. 
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12. The oral dosage form of claim 1, further comprising an opioid-agonist layer coated 
on the non-releasing membrane, wherein the opioid-agonist layer comprises an opioid 
agonist. 

13. An oral dosage form including: 

a first pellet comprising: 

a biologically inert pellet; 

an opioid-antagonist layer coated on the biologically inert pellet, 
wherein the opioid-antagonist layer comprises a therapeutically effective 
amount of an opioid antagonist; and 

a non-releasing membrane coated on the opioid antagonist layer, 
wherein the non-releasing membrane comprises a water-retardant polymer; 

wherein the oral dosage form does not release the therapeutically 
effective amount of the opioid antagonist when the oral dosage form is 
orally administered to a human being, and wherein a physical alteration of 
the oral dosage form results in a release of the therapeutically effective 
amount of the opioid antagonist; and 
a second pellet comprising an opioid agonist. 

14. The oral dosage form of claim 13, wherein the release of the opioid antagonist 
from the oral dosage form in vitro, when measured by the USP Basket method of 100 rpm 
in 900 ml of water at 37 °C, substantially corresponds to the following dissolution rate: 

the therapeutically effective amount of the opioid antagonist is not released 
from the dosage form after about 14 to 24 hours. 
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15. The oral dosage form of claim 1 3, wherein the water-retardant polymer comprises 
a member selected from the group consisting of alkylcellulose, an acrylic acid polymer, an 
acrylic acid copolymer, a methacrylic acid polymer, a methacrylic acid copolymer, 
shellac, zein, and hydrogenated vegetable oil. 

16. The oral dosage form of claim 13, wherein the opioid agonist comprises 
oxycodone, and the opioid antagonist comprises naltrexone. 

17. The oral dosage form of claim 13, wherein the water-retardant polymer comprises 
EudragitNE30D. 

18. The oral dosage form of claim 13, wherein the non-releasing membrane further 
comprises a lubricant. 

19. The oral dosage form of claim 18, wherein the lubricant comprises a member 
selected from the group consisting of calcium stearate, magnesium stearate, zinc stearate, 
stearic acid, talc and a combination thereof. 

20. The oral dosage form of claim 13, wherein the opioid-antagonist layer further 
comprises a binder agent. 

21 . The oral dosage form of claim 20, wherein the binder agent comprises a member 
selected from the group consisting of hydroxypropylmethyl cellulose, hydroxyethyl 
cellulose, hydroxypropyl cellulose, methyl cellulose and polyvinyl pyrrolidone. 
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22. The oral dosage form of claim 13 in a capsule or a tablet form. 

23 . The oral dosage form of claim 1 3, further comprising a sealing layer between the 
opioid-antagonist layer and the non-releasing membrane. 

24. The oral dosage form of claim 1 3, farther comprising at least one of an enteric 
layer and a sealing layer coated on the non-releasing membrane. 

25. An oral dosage form comprising: 

an opioid-antagonist formulation, wherein the opioid-antagonist 
formulation comprises a therapeutically effective amount of an opioid antagonist; 
and 

anon-releasing membrane coated on the opioid-antagonist formulation, 
wherein the non-releasing membrane comprises a water-retardant polymer, 

wherein the oral dosage form does not release the therapeutically effective 
amount of the opioid antagonist when the oral dosage form is orally administered 
to a human being, and wherein a physical alteration of the oral dosage form results 
in a release of the therapeutically effective amount of the opioid antagonist. 

26. The oral dosage form of claim 25, wherein the release of the opioid antagonist 
from the oral dosage form in vitro, when measured by the USP Basket method of 1 00 rpm 
in 900 ml of water at 37 °C, substantially corresponds to the following dissolution rate: 

the therapeutically effective amount of the opioid antagonist is not released 
from the dosage form after about 1 4 to 24 hours. 
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27. The oral dosage form of claim 25, wherein the water-retardant polymer comprises 
a member selected from the group consisting of alkylcellulose, an acrylic acid polymer, an 
acrylic acid copolymer, a methacrylic acid polymer, a methacrylic acid copolymer, 
shellac, zein, and hydrogenated vegetable oil. 

28. The oral dosage form of claim 25, wherein the opioid antagonist comprises 
naltrexone. 

29. The oral dosage form of claim 25, wherein the water-retardant polymer comprises 
EudragitNE30D. 

30. The oral dosage form of claim 25, wherein the non-releasing membrane further 
comprises a lubricant. 

31 . The oral dosage form of claim 30, wherein the lubricant comprises a member 
selected from the group consisting of calcium stearate, magnesium stearate, zinc stearate, 
stearic acid, talc and a combination thereof. 

32. The oral dosage form of claim 25, further comprising a sealing layer between the 
opioid-antagonist formulation and the non-releasing membrane. 

33. The oral dosage form of claim 25, further comprising at least one of an enteric 
layer and a sealing layer coated on the non-releasing membrane. 
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34. The oral dosage form of claim 25, further comprising an opioid-agonist layer 
coated on the non-releasing membrane, wherein the opioid-agonist layer comprises an 
opioid agonist. 

35. A method of preventing the abuse of an oral dosage form of an opioid agonist, 
comprising: 

coating a non-releasing membrane onto an opioid-antagonist formulation, 
and coating an opioid-agonist layer onto the non-releasing membrane to form an 
oral dosage form; wherein the opioid-antagonist formulation comprises a 
therapeutically effective amount of an opioid antagonist, the non-releasing 
membrane comprises a water-retardant polymer, and the opioid-agonist layer 
comprises an opioid agonist; 

wherein the oral dosage form does not release the therapeutically effective 
amount of the opioid antagonist when the oral dosage form is orally administered 
to a human being, and wherein a physical alteration of the oral dosage form results 
in a release of the therapeutically effective amount of the opioid antagonist. 

36. The method of claim 35, wherein the release of the opioid antagonist from the oral 
dosage form in vitro, when measured by the USP Basket method of 100 rpm in 900 ml of 
water at 37 °C, substantially corresponds to the following dissolution rate: 

the therapeutically effective amount of the opioid antagonist is not released 
from the dosage form after about 14 to 24 hours. 

37. The method of claim 35, wherein the water-retardant polymer comprises a 
member selected from the group consisting of alkylcellulose, an acrylic acid polymer, an 
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acrylic 3cid copolymer, a methacrylic acid polymer, a methacrylic acid copolymer, 
shellac, zein, and hydrogenated vegetable oil. 

38. The method of claim 35, wherein the opioid agonist comprises oxycodone, and the 
opioid antagonist comprises naltrexone. 

39. The method of claim 35, wherein the water-retardant polymer comprises Eudragit 
NE 30D. 

40. The method of claim 35, wherein the non-releasing membrane further comprises a 
lubricant. 

41 . The method of claim 40, wherein the lubricant comprises a member selected from 
the group consisting of calcium stearate, magnesium stearate, zinc stearate, stearic acid, 
talc and a combination thereof. 

42. The method of claim 35, further comprising coating a sealing layer onto the 
opioid-antagonist formulation, such that the non-releasing membrane is coated onto the 
sealing layer. 

43. The method of claim 35, Jfurther comprising coating at least one of an enteric layer 
and a sealing layer onto the non-releasing membrane, such that the opioid-agonist layer is 
coated onto the at least one of an enteric layer and a sealing layer. 
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44. A method of preventing the abuse of an oral dosage form of an opioid agonist, 
comprising: 

forming an oral dosage form by combining: 

a first pellet comprising an opioid agonist; and 
a second pellet comprising: 

a biologically inert pellet; 

an opioid-antagonist layer coated on the biologically inert pellet, 
wherein the opioid-antagonist layer comprises a therapeutically effective 
amount of an opioid antagonist; and 

a non-releasing membrane coated on the opioid antagonist layer, 
wherein the non-releasing membrane comprises a water-retardant polymer, 
wherein the oral dosage form does not release the therapeutically effective 
amount of the opioid antagonist when the oral dosage form is orally administered 
to a human being, and wherein a physical alteration of the oral dosage form results 
in a release of the therapeutically effective amount of the opioid antagonist. 

45. The method of claim 44, wherein the release of the opioid antagonist from the oral 
dosage form in vitro, when measured by the.USP Basket method of 100 rpm in 900 ml of 
water at 37 °C, substantially corresponds to the following dissolution rate: 

the therapeutically effective amount of the opioid antagonist is not released 
from the dosage form after about 14 to 24 hours. 

46. The method of claim 44, wherein the water-retardant polymer comprises a 
member selected from the group consisting of alkylcellulose, an acrylic acid polymer, an 
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acrylic acid copolymer, a methacrylic acid polymer, a methaciylic acid copolymer, 
shellac, zein, and hydrogenated vegetable oil. 

47. The method of claim 44, wherein the opioid agonist comprises oxycodone, and the 
opioid antagonist comprises naltrexone 

48. The method of claim 44, wherein the water-retardant polymer comprises Eudragit 
NE30D. 

49. The method of claim 44, wherein the non-releasing membrane further comprises a 
lubricant. 

50. The method of claim 49, wherein the lubricant comprises a member selected from 
the group consisting of calcium stearate, magnesium stearate, zinc stearate, stearic acid, 
talc and a combination thereof. 

51 . The method of claim 44, wherein the opioid-antagonist layer further comprises a 
binder agent. 

52. The method of claim 5 1 , wherein the binder agent comprises a member selected 
from the group consisting of hydroxypropylmethyl cellulose, hydroxyethyl cellulose, 
hydroxypropyl cellulose, methyl cellulose and polyvinyl pyrrolidone. 



53. 
form. 



The method of claim 44, wherein the oral dosage form is in a capsule or a tablet 
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(236) Relative bioavailability of plasma naltrexone from 
crushed ALO-01 (an investigational, abuse-deterrent 
extended- release, morphine sulfate formulation with 
sequestered naltrexone) to a naltrexone oral solution 

F Johnson, J Jones, J Stauffer, Alpharma Pharmaceuticals, LLC, Piscataway NJ 
Nonprescription use of opioids has increased dramatically, resulting in a 
need for products with reduced abuse potential.' ALO-01, an Investiga 1 
tional, extended-release, abuse-deterrent opioid formulation intended 
for moderate-to-severe chronic pain, contains polymer-coated extend- 
ed-release morphine sulfate pellets with a sequestered core of naltrex- 
one, an opioid antagonist. The formulation is designed to release nal- 
trexone upon tampering (crushing/chewing/dissolution) to reduce 
morphine-induced euphoria. This study compares the oral bioavailabil- 
ity of naltrexone released after crushing ALO-01 pellets with that of an 
equivalent amount of naltrexone solution. This single-dose, open-label, 
randomized, 3-period, 3-treatment crossover study included 24 subjects 
aged 18-55 years who took 1 of 3 oral treatments: crushed ALO-01 
pellets (ALO-01Q, whole intact ALO-01 (ALO-01 W), or naltrexone solu- 
tion (N) following a 10-hour overnight fast Subjects received each of the 
3 treatments, which were separated by a washout of a: 1 4 days. Blood for 
plasma naltrexone determinations was drawn at scheduled times from 
0-168 hours postdose. Twenty-three subjects completed the study. Nal- ■ 
trexone absorption rate (median T,^: 1.0 for both) and mean concen- 
tration-time curves from ALO-01 C and N were similar. Maximal and 
systemic exposure of naltrexone released from ALO-01 C or N were bio- 
equivalent (90% confidence intervals for C^, and AUC. between 80%- 
125%). Plasma naltrexone was below the limit of quantification follow- 
ing ALO-01 W administration. Most adverse events were mild (87/89) or 
moderate (2/89), and were gastrointestinal-related. Crushing ALO-01 
pellets successfully released the sequestered naltrexone to a level bio- 
equivalent with that of naltrexone oral solution and rendered it avail- 
able to reduce morphine-induced euphoria. Supported by a grant from 
Alpharma Pharmaceuticals LLC (1. Katz. Clin J Pain, 2007;23(2)103- 
118.) 



P35 

(238) Sex differences in side effects to butorphanol and mor- 
phine 

T Glover, M Ribeiro-Dasitva, T Burton, W Gladin, D Case, R Staud, R Fillingim; 
University of Florida, Gainesville, Ft 

Morphine is a prototypical mu-agonist and butorphanol is a mixed ac- 
tion opioid that acts as an agonist at kappa-opioid receptors. Both are 
potent analgesic drugs prescribed for moderate to severe pain, but they 
also produce significant side effects, including drowsiness, weakness, 
sweating, feelings of floating, euphoria, and nausea. We investigated 
the difference in side effects of morphine and butorphanol by gender in 
a single dose trial. Sixt-six healthy volunteers (36 female, 30 male) re- 
ceived intravenous butorphanol (.016 mgAg) and morphine (.08 mg/kg) 
on two separate days in a randomized, double-blinded design. Re- 
sponses to thermal, mechanical, and ischemic pain were assessed in all 
subjects, and all participants completed the Somatic Side Effects ques- 
tionnaire (SSE) and the Cognitive/Affective Side Effects questionnaire 
(CASE). Also, current mood was assessed using the Visual Analog Mood 
Scale <VAMS) before and after drug administration. Statistical analyses 
indicated that overall the two drugs produced relatively equal analgesic 
effects for most pain stimuli. Regarding side effects, butorphanol pro- 
duced significantly more side effects than morphine regardless of gen- 
der. While sex differences in somatic side effects to butorphanol and 
morphine were minimal, a few somatic effects such as "dry mouth," 
"shortness of breath* and "unusual sensation in throat" were greater in 
women than men with butorphanol. In addition, with both morphine 
and butorphanol, men reported more pleasant cognitive-affective ef- 
fects, such as euphoria and relaxation, than women. Also, butorphanol 
produced positive mood effects in men but not women. These data 
indicate that at relatively equianalgesic doses, butorphanol generally 
produces more side effects than morphine. Moreover, the pattern of sex 
differences in side effects was such that women reported slightly more 
somatic (unpleasant) Side effects while men reported more pleasant 
cognitive-affective side effects. The implications of these findings for 
both medical and non-medical uses of opioids will be discussed. 



& 

(237) Effects of 12-hour extended-release hydrocodone/acet- 
aminophen treatment In cytochrome P450 2D6 poor 
metabolizers 

D Katz, B Spear, A Bhathena, D Grimm, J Thomas, C Wang, K Idler 
R Holley-Shanks, S Abel T Mueller, B Lockhart, R Jain; Abbott Laboratories, 
Abbott Park, IL 

Hydrocodone is oxidized to a more potent mu-opioid agonist hydromor- 
phone by cytochrome P450 2D6 (CYP2D6). CYP206 poor metabolizers 
(PMs) cannot convert hydrocodone to hydromor phone. It is believed 
that PMs will not gain meaningful analgesia from hydrocodone. Re- 
sponses of PMs were compared with those of competent metabolizers 
(non-PMs) during hydrocod one/acetaminophen extended release (HO 
APAP CR) treatment following bunionectomy surgery and in osteoar- 
thritis patients, to learn whether CYP2D6 PMs might be effectively 
treated with HOAPAP CR. ON A samples collected from patients re- 
cruited into two multi-center placebo-controlled clinical trials were 
genotyped for major CYP2D6 PM alleles and assigned PM or non-PM 
status. In a study of acute pain relief after bunionectomy. efficacy vari- 
ables were assessed descriptively. In a chronic pain study in osteoarthri- 
tis, efficacy of HOAPAP CR treatment was evaluated prospectively for 
the percentage change from baseline to week 12 of pain intensity score 
(VAS%). using analysis of covariance with a factor for PM status and 
baseline pain-intensity score as a covariate. Other efficacy endpoints 
were assessed to support the prospective analysis. Tolerability of HO 
APAP CR in PMs was assessed descriptively in both studies. Among 130 
bunionectomy subjects, four of six PMs dosed with HOAPAP CR experi- 
enced meaningful analgesia. Among 614 osteoarthritis subjects, eleven 
of nineteen PMs dosed with HOAPAP CR experienced meaningful anal- 
gesia. No difference was observed between PMs and non-PMs for VAS% 
(43.5% v -46.5%, p=0.770). PMs treated with placebo (-21,0%, n=19) 
did not respond as well as PMs treated with HOAPAP CR. Results for 
other key efficacy variables were consistent with those for VAS%. Safe- 
ty-related study dropout and adverse event patterns were similar in PMs 
and non-PMs in both studies. These results indicate that PMs and non- 
PMs have similar analgesic responses to HOAPAP CR. This may distin- 
guish HOAPAP CR from tramadol and possibly other opioid-based anal- 
gesics. Funded by Abbott Laboratories. 
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Sex differences in opioid antlnociception have been demonstrated in 
rodents, and neonatal hormonal manipulations in rodents can substan- 
tially influence adult antinociceptive responses. Human studies reveal 
less consistent sex differences in opioid analgesia, though several studies 
have shown greater analgesic responses to mixed action opioids (i.e. 
"kappa" agonists), such as butorphanol, among women than men 
However, the contribution of early hormonal events to analgesic re- 
sponses in adulthood has not been investigated in humans. Therefore, 
based on the hypothesis that the ratio between the length of the 2nd or 
index finger and the 4th or ring finger (2D:4D) correlates with prenatal 
testosterone and estrogen exposure, our aim was to determine whether 
2D:4D ratio was associated with analgesic responses to morphine and 
butorphanol in humans, A total of 67 subjects (37 women and 30 men) 
underwent experimental pain assessment (heat, pressure, ischemic) 
both before and after intravenous administration morphine (.08 mg/kg) 
and butorphanol (.016 mg/kg) in randomly counterbalanced order. 
Change scores (post-drug - pre-drug pain responses) were computed to 
determine morphine and butorphanol analgesic responses for heat 
pressure, and ischemic pain. The 2D:4D ratio was measured from pho- 
tocopies of both hands. Significant analgesic responses to both drugs 
emerged for virtually all pain measures. Among men, higher 2D:40 ratio 
predicted greater butorphanol analgesia tested against heat pain while 
2D:4D was not associated with any analgesic responses among women. 
These findings suggest that a 2D:4D ratio consistent with higher prena- 
tal estrogen exposure is associated with more robust "kappa" opioid 
analgesia among men. The 2D:4D ratio may represent a viable measure 
ref lecting organizational hormonal events in humans. 
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